Supplementary Material -Detailed Simulation Methods
The CHARMM program 1 was used for all simulations and VMD 2 was used for visualization. The PARAM27 force field (C27) for lipids [3] [4] , proteins 5 , TIP3P water 6 and ions 7 was used. Non-polarizable cHex and Hex models used recently modified Lennard-Jones and/or dihedral parameters of versions C27m 8 and C27r 9 , respectively (both to be referred to as C27 for simplicity). To investigate the role of electronic polarizability, we employed a classical Drude oscillator model [10] [11] . Here polarizability is introduced by adding auxiliary charged particles to non-hydrogen atoms via a harmonic spring, adjusted self-consistently in the electric field of other atoms or propagated in simulations via an extended Lagrangian formalism through the assignment of a small mass (0.1 amu) and low temperature (1 K) with a separate thermostat 11 . The SWM4-NDP polarizable water model 12 was used in some solvation free energy as well as air-water and water-hydrocarbon interface calculations. Polarizable alkane 13 and cHex 8 parameters were used, where specified. Some modifications to an original parameterization have been made, including improved alkane Lennard-Jones and internal parameters (MacKerell and Anisimov, personal communication), as well as unscaled atomic polarizabilities for the cHex model (1.941 Å 3 instead of 1.359 Å 3 ) to provide more accurate dielectric properties 14 . In the c27+pol1 and c27+pol2 polarizable lipid models, standard Drude polarizable 13 or non-polarizable C27 partial atomic alkane charges 3 for lipid tail atoms were used, respectively, which allowed us to isolate the effect of polarizability. Electrostatic parameters for non-polarizable and polarizable models are presented in Table 2 of the main text.
All non-polarizable simulations employed a 2 fs time step, whereas a 1 fs time step was used for polarizable models. Coordinates were saved every 100 time steps for analysis. Bonds to H atoms were constrained using the SHAKE algorithm 15 . Pure solvent, air-solvent, solvent-solvent interfaces, as well as polarizable lipid MD simulations used the new velocity Verlet integrator.
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A Nose-Hoover thermostat 16 and modified Hoover-Anderson barostat 11, 17 (for NPT simulations) were employed. Nonpolarizable MD simulations of lipid bilayers used the leapfrog integrator, together with Nose-Hoover thermostat 16 and Langevin piston method 18 for pressure coupling. Solvent-solvent interface and lipid bilayer systems were simulated in the NP n AT ensemble using a constant normal pressure of 1 atm, parallel to the bilayer normal. All lipid bilayer simulations were carried out at 330 K, whereas bulk solvent or interface simulations were run at 298 K.
Electrostatic interactions were calculated using particle-mesh Ewald (PME) summation, 19 with a coupling parameter 0.34 and 6 th order spline for mesh interpolation. For systems carrying a net charge, corresponding energy and pressure corrections were applied. 20 For lipid bilayer systems, non-bond pair lists were maintained out to 16 Å, and a real space cutoff of 10 Å was used via an atom-based energy shift algorithm 21 . In bulk solvent and interface simulations, we employed a real space cutoff of 12 Å for the Lennard-Jones (LJ) term. 21 Long-range LJ contributions were included for air-solvent and solvent-solvent interfacial systems 22 . Infinite cutoffs were used for gas-phase simulations. Solvation and partitioning free energies of MGuanH + in bulk solvents were calculated using the free energy perturbation (FEP) approach 23 as a difference between free energies in the solvent and vacuum or between two solvents, performed in the NPT ensemble using 1 atm isotropic pressure for solvent simulations. Free energies were computed using the staged protocol developed by Deng and Roux 24 where the repulsive term was transformed into a soft-core potential and calculated in multiple stages. Independent runs consisting of 600 ps were performed for each value of the coupling and/or staging parameter, representing a total of 24 ns simulation for each calculation. Free energies were corrected for finite LJ cutoffs using average interaction energies between a solute and solvent from several atomic coordinate sets as was described previously. 25 More computational details on such simulations have been provided previously. Model lipid bilayers were constructed using hexagonal PBC from 48 dipalmitoylphosphatidylcholine (DPPC) molecules. DPPC bilayer was chosen because it the best studied model bilayer computationally 26 . Lateral box dimensions were based on the experimental area per lipid of ~64 Å For the calculation of the dipole potential, pure lipid bilayer simulations using non-polarizable C27 and Drude polarizable lipid tail models C27+pol1 and C27+pol2 were run for 10 -20 ns, with the first 5 ns of data treated as equilibration. To eliminate the possibility that the lipid bilayer can be distorted due improper balance between polarizable lipid tails and the rest of the system, we showed that there are no discernable changes in its structural properties compared to non-polarizable C27 model (see Figs.S4-S6 and Table S2 for electron density and deuterium order parameter profile, average bilayer thickness, average lipid vector orientation comparison), In addition, comparison of some lipid bilayer properties using slightly different non-bond cutoff schemes or improved lipid torsional parameters 9 is shown in Fig. S5 , with very small changes in results.
As with the solvent interfaces, membrane simulations were also carried out using a neutral solute to probe electrostatics. K + or MGuanH + ions, with atomic charges set to 0, were placed at several positions along the z axis across the bilayer, from bulk aqueous solution (z=±30 Å) to the membrane center (z=0 Å) in 3 or 1 Å increments and held by the same constraints (see above). These simulations were run for  3 to 4 ns per window (sufficient for a neutral probe) with the first 1 ns treated as equilibration. In a separate set of simulations, the lipid bilayer was perturbed by placing vacuum filled spherical voids of different sizes at several z values. Spherical voids of radius 1-5 Å were placed from z=-30 to 0 Å in 3 Å increments, and modeled by applying 10 kcal/mol/A The trace of quadrupolar moment, Q tr , was calculated in the gas phase for the energy minimized structure corresponding to the most stable conformer (chair for cyclohexane, all-trans for hexane). All interfacial potentials, ∆ϕ, are in mV relative to vacuum. Isotropic potentials, ∆ϕ iso , were obtained by creating artificial boundaries in the central section of the solvent slab and ignoring charge distribution outside that region. 69.1 ± 1.7 68.8 ± 1.1 <θ(C-O(P))>, °46.9 ± 0.8 45.6 ± 1.5 44.3 ± 0.8
Average properties were obtained from the analysis of 5 to 15 ns of MD simulations. <σ> is surface tension, <d PP > and <d CC > are estimates of the bilayer thickness calculated as the average distance between DPPC P or carbonyl C atoms in two bilayer leaflets. <θ(P-N)>, <θ(C=O,sn1)>, <θ(C=O,sn2)>, and <θ(C-O(P)> are the average angles between P-N, carbonyl C=O(for sn1 or sn2 chain) or C-O(P) (one connecting glycerol ester and phosphate) vector and the bilayer normal. See Figure  S6B for probability distribution plots of these angles. All average electrostatic potentials <∆ϕ> and their standard deviations σ(ϕ) are in mV. <∆ϕ> are referenced to bulk aqueous solution. <z> -average probe position with respect to the bilayer center of mass (in Å). Table S4 . Electrostatic potentials across hydrated DPPC bilayers from non-polarizable C27 MD simulations calculated using spherical voids of different radii. All average electrostatic potentials <∆ϕ> and their standard deviations σ(ϕ) are in mV. <∆ϕ> are referenced to bulk aqueous solution. z -position of the center of the void with respect to the bilayer center of mass (in Å). Figure S1 . Total interfacial potentials, their quadrupolar (quad) components and isotropic (iso) estimates for air-cyclohexane (A) and air-hexane (B) slabs using nonpolarizable or polarizable models. Isotropic estimates were obtained by imposing artificial boundaries through the center of the solvent slab and eliminating "outside" atom contributions or using cubic box from pure solvent simulations and ignoring image atom contributions (iso box). Two choices of molecular origin: center of geometry (COG) and center of mass (COM) were probed. Note that the dipolar contributions are not shown here for clarity since they are very small (see Table S1 ).
ϕ, mV B z, Å ϕ, mV Figure S2 . Total interfacial potentials, their dipolar (dip), quadrupolar (quad) components and isotropic (iso) estimates for air-water slabs using non-polarizable TIP3P (A) or polarizable SWM4-NDP (B) models. Isotropic estimates were obtained by imposing artificial boundaries through the center of the solvent slab and eliminating "outside" atom contributions or using cubic box from pure solvent simulations and ignoring image atom contributions (iso box). 4 choices of molecular origin were probed: midpoint between 2 water hydrogen atoms (05HH), center of geometry (COG), center of mass (COM), and oxygen atom position (O).
A E z , mV/Å B z, Å Figure S3 . Total electric field in z direction, E z , and its dipolar (dip) components (the negative of dipole densities, P z ) for air-water slabs using non-polarizable TIP3P (A) or polarizable SWM4-NDP (B) models. 4 choices of molecular origin were probed: midpoint between 2 water hydrogen atoms (05HH), center of geometry (COG), center of mass (COM), and oxygen atom position (O). Note the substantial dependence of P z for both models on the choice of molecular origin, and that total electric field (due to both quadrupolar and dipolar components) is substantially larger in magnitude than P z indicating dominance of the quadrupolar term. Table S2 for average values. 
